T his paper presents a utility function model of donors who need to determine their donation to a charity organization that structures and publishes donations by tiers. By considering the prestige associated with each tier level, our analysis suggests that a tiered scheme generates an incentive for donors to raise their donation to the next tier when the originally intended donation is close to the minimum amount for the next tier level. In addition, we develop a decision analysis tool to illustrate how a charity can evaluate the effectiveness of different tier structures. Using publicly available federal tax return data and actual donations to a private high school, we present a method to estimate the model parameters. By taking other nonquantifiable factors into consideration, our tool can guide a charitable organization to determine an effective fundraising tier strategy.
Introduction
An increasing number of charitable organizations such as relief agencies, hospitals, schools, universities, museums, arts organizations, and nonprofit social-service agencies solicit annual gift donations by using fundraising tiers. Consider, for example, the annual disaster giving program of the American Red Cross. The Red Cross categorizes major donations in four tiers: Bronze ($100,000-$199,999) , Silver ($200,000-$499,999) , Gold ($500,000-$999,999), and Platinum (above $1 million). Donors are publicly listed for each tier, alphabetized within the tier-that is, exact dollar figures for each donation are not published.
1 Another example is provided by Yale University, whose annual fund donors become members of tiered associations: Woolsey Associates ($1,000-$2,499), Elihu Yale Associates ($2,500-$4,999), Sterling Associates ($5,000-$9,999), Hillhouse Associates ($10,000-$14,999), Woodbridge Circle ($25,000-$49,000), and Fourth Century Circle (above $50,000). It is interesting to note that the range of each tier of the Yale annual fund increases from the lowest to the highest tier with the range being $1,500 at the lowest level and $25,000 at the highest level. A similar pattern is observed in the Red Cross example and in other fundraising campaigns as well.
In addition to segmenting donors, the tier structure may enable an organization to increase overall donations by providing an opportunity for donors to gain more prestige associated with higher tiers. Although fundraising tiers are prevalent at many organizations, analyzing whether to construct a tier scheme or evaluating an existing tier structure are challenging problems. This is because it requires an understanding of donor behavior and the wealth distribution of the population of donors, and then blending this information within an analytical framework.
Despite the practical relevance of this problem, we have not found any academic research that directly addresses all of these issues. For example, in their survey of decision-analysis applications, Keefer et al. (2004) list no papers that address any of these issues. There are a few papers, however, mainly in the economics literature, that address somewhat related topics. Economists have developed analytical models and gathered empirical evidence that support the existence of "warm glow," a desirable intrinsic value that helps explain why people make donations to charitable organizations. The reader is referred to Andreoni (1990) and Harbaugh (1998) and the references therein for details. Harbaugh (1998) models the impact of the prestige effect associated with donors who have a taste for making their donations public. He hypothesizes that as this prestige effect increases, the organization can increase donations by using tiers. His paper also discusses the impact of the prestige effect on competition between charities. However, Harbaugh (1998) does not provide an analytical framework for studying optimal donor behavior in the presence of tiers, whether a charity should implement a tier structure, or how a charity should evaluate and improve an existing tier structure. Romano and Yildirim (2001) develop a model to understand why charities announce donations. They show that when donor utility functions contain components to represent additional effects such as warm glow and prestige, then it is beneficial for charities to announce donations. However, they do not extend this work to examine the interaction between these types of utility functions and a fundraising tier structure. Desmet and Feinberg (2003) consider the impact of setting a suggested donation amount or appeals scale on charitable donations. They study the relationship between what is donated and what is requested by incorporating prior donation history into a model of donation behavior. Using data from a French charity, they show that donations can be strongly influenced by the choice of an appropriate appeals scale, but they do not explore the impact of donation tiers and their potential use as a mechanism to effectively achieve the targeted appeal scales. Duncan (2004) emphasizes the importance of understanding donor behavior in modeling charitable contributions. However, his work does not extend this idea to the problem of evaluating fundraising tiers.
As articulated in Harbaugh (1998) , the underlying intention of the tier structure is to create an implicit "prestige," an extrinsic value that serves as an incentive for each donor to raise his donation to a higher tier level. Based on the data reported in Harbaugh (1998) , it appears that most donors tend to give exactly the minimum amount necessary to get into a higher tier. We observed a similar pattern based on the annual gift . We also found a number of donations that are close to but above the minimum for each tier; however, we found almost no donations that are close to but below the minimum. This suggests that a donor is willing to raise his or her donation to the minimum amount at the next tier if the originally intended (or tierless) donation is close to this minimum, but there is no clear evidence supporting decreased donations. Based on these two observations (relatively large numbers of donations at tier minimum amounts and just above, and almost no donations close to but below tier minimum amounts), we anticipate that the net effect of tiers, although positive, will be small as a proportion of total giving. In this paper, we first develop a model of rational donors who would take warm glow and prestige into consideration when determining their optimal donation. We then use this model to understand how donations change under a tier structure. Finally, by anticipating each donor's optimal donation behavior, we develop a decision-analysis tool to evaluate the total amount of donations for different tier structures. Our focus is on a decision-analysis tool that will help a charitable organization blend analysis with experience to perform "what if" analyses. By considering the additional costs (i.e., promotional and administrative costs) for managing different numbers of tiers, our analyses provide insights that could eventually guide the charity to determine an improved tier structure satisfying certain quantifiable or nonquantifiable constraints. To summarize, this paper makes three main contributions: first, it develops a model of a rational donor; second, it analyzes optimal donor behavior in the presence of a tier structure; and third, it develops a decision-analysis tool for the charitable organization to evaluate different tier structures. This paper is organized as follows. In the next section, we describe the analysis framework. We develop the model of a rational donor, develop structural properties of the optimal donation, and determine when the donor would donate a larger amount in the presence of a tiered scheme. We use these results to develop the decision-analysis tool to calculate the total amount of donations that can be expected for a given tier structure and to evaluate changes in tier structures. In §3, we use real data to fit our model and use this data to develop an illustrative example. In §4, we summarize our work and provide future research directions.
The Donation Model
Consider the case when a charitable organization prespecifies M tiers of donation levels so that tier level i is specified by the interval T i T i+1 . Hence, the T i s where i = 1 M are the minimum amounts for different tier levels and 0
In the Yale University example, there are seven tier levels and the minimum amount of each tier is T 1 = 1 000, T 2 = 2 500, T 3 = 5 000, T 4 = 10 000, T 5 = 15 000, T 6 = 25 000, and T 7 = 50 000. Although information about tier levels is public knowledge, we assume that each solicitation is conducted in private (direct mail or direct call) so that a donor does not have information about other donors' donations. Hence, the issues of peer pressure, herd behavior, and informational cascades can be neglected (cf. Banerjee 1992 , Bikhchandani et al. 1992 .
Given these M donation levels, we now consider a donor who uses his wealth w to make a donation d, so that his net wealth 2 is n = w − d. We assume that the donor's utility function f n d is comprised of two parts: g n d , which represents the intrinsic utility of consumption of the net wealth n and the warm 2 For donations that are solicited on an annual basis, a donor may use his annual income I instead of his wealth w when determining his donation d. Because the U.S. tax laws allow for tax deduction for charitable donations, this scenario is more probable in the United States. More information is available at http://us.bbb.org/ WWWRoot/SitePage.aspx?site=113&id=e6920967-8ebd-4a31-9986-de07de38e7bc.
glow of the donation d; and V d T , which represents the extrinsic prestige of donating in a particular tier. Specifically,
where
The first term g n d follows a Cobb-Douglas functional form that represents the utility derived from two internal factors: self-satisfaction derived from a private good (i.e., net wealth n), and warm glow generated from a public good (i.e., donation d). Parameters a and b represent the elasticities associated with net wealth and donation, respectively.
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To capture the likely scenario that the utility derived from net wealth is higher than that from the warm glow, we assume that 0 < b < a < 1. To capture the diminishing returns of utility with respect to net wealth and donation, we assume that a + b ≤ 1 so that the utility function g n d is jointly concave in n and d. We estimate a, b, and v i using real data in §3.
The second term of g n d is V d T = v i , which represents the external prestige created by the charity for tier i, i = 1 2 M. Prestige is assumed increasing in the tier level so 0 < v 1 < v 2 < · · · < v M . We assume that the prestige value v i depends only on the tier thresholds T i based on the fact that the charity reports donations only according to the tiers and, hence, the prestige is assumed to be fully captured by the tier thresholds. Although it is possible that the prestige value depends on other factors such as the number of tiers M, the number of spots reserved for the top tier levels, and the donor's wealth w, we do not consider these additional factors here. Our model can be extended to incorporate these factors if there is sufficient donation data associated with different tier structures so that the various parameters associated with these additional factors can be estimated. Also, the function g n d does not include a term 4 that captures the utility derived from total donations provided by all donors (as proposed by Andreoni 1990) .
We assume that the donor will select his/her donation, d
* , to maximize the donor's utility function f n d by solving the following problem (P1):
To determine the optimal donation d * , first considerd, whered = arg max g n d . Notice thatd corresponds to the donor's originally intended or prestige-free donation when the charity does not categorize donations by tiers. By setting n = w − d and differentiating g n d with respect to d, we obtain the first-order condition that yields
Lemma 1. Suppose the charity does not categorize donations by tiers. Then the donor's prestige-free donationd satisfiesd
Lemma 1 establishes that, in the absence of the prestige effect, each donor will donate a certain fraction of his wealth. This fraction is increasing in the donation or warm-glow elasticity b and decreasing in the net-wealth elasticity a. The prestige-free solution is akin to the tithing advocated by many religious organizations, wherein each member is encouraged to donate a specific fraction (usually 10%) of her annual income to charity. This solution structure is also important for estimating the aggregate values of parameters a and b, as illustrated in the next section.
We now examine the impact of a tier structure on donation behavior. In particular, we consider how the prestige v i associated with tier level T i would entice the donor to raise his donation fromd to higher amount d * , where d * is the optimal solution to problem (P1). In preparation, let k = arg min
is the minimum additional amount that the donor needs to give to get into the next tier.
By using the facts that 
Proposition 1 demonstrates that in the presence of prestige for each tier, it is optimal for the donor to donate either the originally intended amountd or one of the thresholds T j j = k M. By noting that d < T k ≤ T j , it is easy to check from (3) that d * ≥d; i.e., the donor will never donate less than the original intended amount when donations are categorized by tiers. The prestige associated with tiers provides an incentive for donors to increase their donations. If there are no costs associated with setting up a tiered scheme, we have Corollary 1. The organization will never be worse off by categorizing donations into tiers.
We now establish the conditions under which the donor will raise his donation from the originally intended donationd to a higher tier. If the tier levels T i are close to each other, then it is possible for a donor, in going fromd to d * , to skip over the next tier;
and if the tiers are sufficiently far apart, then a donor is more likely to remain atd, the originally intended donation. The optimal donation d * clearly depends on the selection of the tier levels T i .
For clarity of exposition, we first analyze the case when a donor will not skip over the next tier:
M. In this case the donor will obtain a greater utility from raising his donation to the next tier than from raising it to other still higher tiers. Intuitively, this will occur if the thresholds are spread sufficiently further apart at higher tiers. To establish the validity of this intuition, use the fact thatd
To elaborate, suppose we set T j = x j T k , where x j > 1. It is then easy to check that the donor will not skip over the next tier k if x j is large enough so that
Because the donations depend on the width of each tier level, the charitable organization can use the tier levels to segment the donors. Spreading the thresholds further apart for higher tiers is commonly observed in practice, as, for example, in the Yale tiers discussed previously: T 1 = 1 000, T 2 = 2 500, T 3 = 5 000, T 4 = 10 000, T 5 = 15 000, T 6 = 25 000, and T 7 = 50 000.
Suppose the organization sets the thresholds in a way that a donor will not skip the next level k. To determine the conditions under which a donor will raise his donation fromd to T k , we compare the respective utility functions f w −d d and f w − T k T k , getting Corollary 2. Let k be the cutoff point that satisfies
5 From a practical standpoint, spreading the thresholds further apart this way allows the organization to plan the targeted number of donors for each tier level. Such plans are then independently executed for each tier by solicitors who are responsible for meeting these targets for each category (cf. Bason 2007) . 
The optimal donation d * satisfies
Proof of Corollary 2. All proofs are provided in the appendix.
Becaused < T k and k < T k , Equation (5) implies that the donor will raise his donation to the next level T k if d is close enough to T k (Figure 2 ). Corollary 2 implies that donors will not donate amounts less than but close to T k because these donors would prefer to raise their donation to the next tier and earn the enhanced prestige. This pattern is observed in the St. Mark's data (Figure 1 ) as well as in the data reported in Harbaugh (1998) . In the next section, we use real data and describe these cutoff points and employ this to compute the prestige values of each tier.
Corollary 3. The cutoff point k is increasing in T k .
Corollary 3 has the following implications. Suppose an organization increases a tier threshold from T k to T k . Then, by Corollary 3, the cutoff point increases. Observe from Figure 2 that some donors who had been giving between T k and T k would increase their donations to the increased value of T k , whereas other donors who had been giving T k would revert to their originally intended donationd given in (2) instead of increasing to T k . Therefore, when evaluating different threshold values of T i , it is critical to examine the impact of the tier thresholds on the optimal donation d * of different donors. In summary, the optimal donation d * depends on several key elements: the thresholds T i and their associated prestige values v i , and the originally intended donationd, whered depends on the donor's wealth w and the utility parameters a and b (which may vary by individual). In particular, the optimal donation d * can be expressed as a function of wealth w by substituting (2) into (5), yielding
By applying (6) to the case of M tier levels, it is easy to show that the donation of each donor can be specified according to the wealth w so that d
Hence, for any N donors with a wealth distribution h w donating to an organization with tier structure T = T 1 T 2 T i T M , the total donation, D T , can be expressed as
where k is given in (4), and h w equals the number of donors with wealth value w (h w equals 0 almost everywhere). For a fixed number of tiers M, the total donation D T depends on the tier value T k and the income distribution of the donors h w . Hence, a charity can improve its total amount of donations by determining a tier structure that matches the income distribution of the target donors. For example, if there is an accumulation of donors around a certain wealth level, and if a and b are known, then the charity could increase total donations by inserting a tier value T somewhat above the originally intended donation for that wealth level. In addition to performing the "what if" analysis that we explain in the next section, having more accurate information about donors' income/wealth is also critical for the charity.
An Illustrative Example
To illustrate how our model developed in §2 can be used to evaluate the effectiveness of different tier structures, we present an example motivated by the annual fund drive at St. Mark's High School, a private Catholic high school located in Wilmington, Delaware. Table 1 .
To evaluate the effectiveness of St. Mark's implemented nine-tiered scheme (base case), we will compare the actual total donation that St. Mark's received in the base case and the estimated total donation St. Mark's would have received had they employed one of several other possible schemes: (1) no tiers, (2) fewer tiers (e.g., combine some of the existing tiers), and (3) fewer and different tiers (e.g., reduce the number of tiers and use different tier thresholds T i ). To estimate the total donations associated with different schemes, we next describe how we estimated the model parameters.
Parameter Estimation
In this section, we explain how we estimated the model parameters. These include (1) the parameters associated with the Cobb-Douglas utility function is the same as the average for the whole (tax-filing) population in the United States, and (b) the charitable deductions declared in the tax returns are based on donations without a tier structure.
7 These two assumptions enable us to estimate the values of a and b by running a simple linear regression based on Equation (2), using the income level I as a proxy of wealth w; i.e.,d = b/ a + b I + , where corresponds to the error term. For this regression, the estimated coefficient is b/ a + b = 0 037 with a significance level < 0 001. To ensure that our modeling assumptions-1 > a > b > 0 and a + b ≤ 1-are satisfied, 8 we set a = 0 95 so that b = 0 036. Hence, the Cobb-Douglas utility function of a St. Mark's donor with an annual income level I satisfies
3.1.2. Estimation of Tier Prestige Values. Next we estimate the prestige values v i associated with each of the nine tiers. To do so, we first determine the Figure 1 , no one donates $45, but there is a surge in the number of donors at the next tier threshold T 1 = $50. Similarly, virtually no one donates any amount between $90 and 99, but there is a surge in the number of donors at the next tier threshold T 2 = 100. Using the same approach, we determine all of the cutoff points i . 9 Then we can use the estimated parameters a and b in Equation (4) to estimate the prestige value v i . The results are summarized in Table 2 . Notice that the prestige value is low at the lower tiers, but it increases exponentially as the tier level increases. We recognize that our approach for determining i is ad hoc. However, without information about the actual income of each donor, it is very difficult to establish an analytical approach. Perhaps one can consider the following iterative approach.
Step 0. Use our ad hoc approach to set the initial value of 0 i and set n = 0.
Step 1. For iteration n, use n i and our subsequent analysis to estimate the income level and use (2) to determined for each donor.
Step 2. Determine a new set of values of n+1 i that would minimize the distance between the estimated donation of each donor as predicted in (5) and the actual donation given in the data set.
Step 3. If , where x = 16 9 is the scaling factor that adjusts for the average charitable deductions declared on the tax returns form ($3,447) and the average donation made to St. Mark's ($204) . This suggests that, on average, for a St. Mark's donor, donatingd to St. Mark's is equivalent to declaring charitable deductions of (3,447/204)d = 16 9d = xd.
Scenario Analysis
Given the estimated income of St. Mark's donors and the estimated utility function, we now estimate the total donations that St. Mark's would have received had they implemented one of several other schemes: (1) no tiers, (2) fewer tiers (e.g., combine some of the existing tiers), and (3) fewer and different tiers. The results are summarized in Table 3 . However, we do not consider the scenario when we add more tiers, even though Corollary 1 implies that adding tiers will generate larger donations because it provides additional "lifting" of some donors' donations fromd to the next tier threshold. This is because more tiers may not be optimal for the charity because our analysis does not account for the additional promotional and administrative costs for managing additional tiers. A reliable estimate of these costs was not available to us. Finally, it is important to note that the analysis in this section is merely intended to illustrate ways to apply our model to evaluate the total donations associated with different scenarios; it is not intended to determine an optimal tier structure. Although it might be possible to develop a search algorithm to determine the optimal tier structure, we decided not to pursue optimality because actual implementation would be hard. This is because most organizations would like to incorporate other subjective aspects such as (a) targeting a number of actual donors or the percentage of potential donors who make donations, (b) planning and using solicitors who contact potential donors, and (c) creating additional prestige by prespecifying the maximum number of donors reserved for certain tier levels. The results of the scenario analysis are summarized in Table 3 . We now describe the analysis that led to these results.
3.2.1. Scenario 1: No Tiers. When there are no tiers, use the estimated income of each donor and apply Equation (2) to estimate the donationd of that donor. Summing the estimated donations of the 2,173 St. Mark's donors, we get $430,143, the estimated total donation under the no-tier structure. This is $13,569 below the base case. Consistent with Corollary 1, this numerical example illustrates that the tiered structure enables an organization to generate larger donations due to the prestige value.
3.2.2. Scenario 2: Three Tiers. We reduce the number of tiers from nine to three, with T 0 = 0, T 1 = 250, and T 2 = 1 000. Observe from Table 2 that the prestige values associated with these tiers are v 0 = 0, v 1 = 1, and v 2 = 16 5. Given T i and v i , we can use Equation (4) and the Goal Seek function in Excel to determine the new cutoff point for each tier, getting 1 = 234 and 2 = 818. Given the income level of each donor, estimated using (2) and then apply Corollary 2 to estimate the optimal donation d * given in (5) for each donor. Summing the estimated donations of the 2,173 St. Mark's donors, we get that the total donation to be collected under the three-tier structure is equal to $436,609. This is $7,103 below the base case. Although the total donation is slightly lower than the base case, there may be other benefits associated with a simpler tier structure not captured in our model, including the reduced efforts in promoting fewer tiers and the reduced cost in managing and felicitating fewer tiers of donors.
3.2.3. Scenario 3: Different Tiers. To illustrate how our analysis can be used to evaluate a different tier structure, consider a different three-tiered scheme with T 0 = 0, T 1 = 400, and T 2 = 800. Because the tierthresholds are now different, we need to reestimate the prestige values associated with these tiers. To do so, we fit a quadratic function to the prestige values v i given in Table 2 as a function of T i , getting v = 4 10 −6 T 2 − 0 0028T + 1 4114 for T > 0. This yields estimated prestige values v 0 = 0, v 1 = 1 3425, and v 2 = 2 4625. Given T i and v i , we then use Equation (4) and the Goal Seek function in Excel to determine the new cutoff point for each tier, getting 1 = 363 and 2 = 752. By using the same approach as in Scenario 2, we find that the total donation to be collected under this tier structure is $430,318, which is $13,394 below the base case.
A cursory glance at Table 3 may suggest that the benefit of the tier structure is marginal because it provides only a $13,569 improvement over the case with no tiers. However, it is important to note that these results are specific to this data set. In particular, observe from Figure 1 that a majority of the donations are small; hence, tiers do not provide the scale of benefits that would accrue if the magnitude of the donations were larger. Furthermore, the increment to the next tier is usually small. Finally, note that these campaigns are repeated annually, and there may be benefits as donors move up tiers over time.
Conclusions
In this paper, we developed a utility function model for donors who need to determine their donation to a charity when the donations are categorized and published in tiers. We have used this model and shown that a tiered structure enables a charity to generate larger donations mainly because of the prestige associated with different tier levels. By using the federal tax returns data and the actual donations to St. Mark's High School, we demonstrated a simple method to estimate the model parameters and illustrated how one could utilize our model to evaluate different tier structures. This model along with practical experience could serve as a useful guide for decision making. In particular, it could be used by the organization to decide whether a tier structure should be instituted or not, and if employed, to evaluate and consider alternate tier levels.
In addition, this model can serve as a building block for developing a system that would help a charity to develop an optimal tier structure. However, to do so, one needs to extend our model by considering the following issues: (a) the promotional and administrative costs for managing different number of tiers; (b) the prestige value v i that may depend on other factors such as the number of tiers or the targeted number of donors reserved for certain top tier levels; (c) the capacity of running a fundraising campaign that depends on the number of campaign solicitors and the number of potential donors, and (d) the development of an optimization model and an efficient solution algorithm. All of these could be fruitful areas for future research. In addition to the issue of tier structure, another area for future research would be to study the impact of social influences (herd effect, peer pressure, etc.) on the donor's behavior, especially when the solicitations are conducted in public, such as at charity auctions and via public pledge drives.
In conclusion, we believe this paper provides a simple and effective framework for evaluating fundraising tiers in a charitable organization.
